Abstract-Listeria monocytogenes subtyping is important in food processing environment or in epidemiological studies in order to identify the contamination sources and spreading routes, and to investigate the food-borne outbreaks. This study employs the combination of serotyping and random amplified polymorphism DNA (RAPD) analysis methods to characterize the isolated L. monocytogenes strains in food samples from local markets. Listeria antisera kit was used in serotyping which grouped L. monocytogenes isolates based on the expression of somatic and flagellar antigens. The L. monocytogenes serovars were further classified into RAPD types based on polymorphic banding patterns generated by using 10 random RAPD primers. The 23 isolated strains were divided into four different serotypes consisting 4b (43.5%), 1/2b (34.8%), 4d (8.70%) and 4e (4.35%) with two untypable isolates (8.70%). 11 banding patterns were obtained from each selected primer, OPA10 and OPA14 with DNA fragments ranging from approximately 0.15 kb to 1.1 kb. The constructed dendograms showed similarity percentage of 4% to 100% for OPA10, 12% to 100% for OPA14 and 4% to 100% for combination of primers. At a comparative genetic similarity of more than 90%, 21 distinguish RAPD profiles were obtained. The discriminatory of RAPD analysis method was proven as it could distinguish the isolates from the same serovar. However, between the two primers used, OPA14 provide better discriminatory results than OPA10 although it failed to type one isolate. These findings suggest that the application of RAPD analysis could be a useful tool in characterization of L. monocytogenes isolated from foods as it may provide important information on cross-contamination potential sites. Thus, the microbial monitoring should be applied and continuously performed in order to control listeriosis infection. The data may be useful for the food producers or epidemiological and public health studies of Listeria spp.
INTRODUCTION
There have been several sporadic and epidemic outbreaks worldwide implicating Listeria monocytogenes contaminated foods [1] . Although listeriosis infections are rare, the fatality rate is as high as 20-30% annually [2, 3] . L. monocytogenes is able to adapt and survive in a wide variety of different and extreme environments such as high salt concentration (10% NaCl), a broad pH range (4.5-9.0) and temperature range (-1°C-45°C) [4, 5] . There is evidence to suggest that raw and ready-to-eat (RTE) food products which are stored at refrigeration temperatures can be the source for listeriosis infection [6] . Non-invasive listeriosis occurs in healthy populations at low infection rate, usually only causing selflimiting gastrointestinal diseases [7] . The more severe form of listeriosis is invasive listeriosis with infections commonly occuring in vulnurable individuals. Listeriosis infection can be treated with antibiotic agents as generally all the L. monocytogenes strains are susceptible to a wide range of tested antibiotics [8] .
Typing of L. monocytogenes is important in the food processing area to identify the contamination sources and spreading routes. Several subtyping procedures have been developed and applied to characterize this food-borne pathogen such as multilocus enzyme electrophoresis (MEE) [9, 10] , ribotyping [11, 12] , restriction enzyme analysis (REA) [13, 14] and pulsed-field gel electrophoresis (PFGE) [15] . However, most of these methods are time consuming or requiring special instruments and skilled personnel [16] , which is not well suited for routine use in laboratories. Thus, development of rapid, reliable, discriminative and reproducible typing method is needed in order to trace the contamination sources and surveillance of listeriosis outbreaks. To date, there are no documented listeriosis infection cases in Malaysia [17, 18] ; however, without safeguards, such infections may occur. Protective measures, such as the development of a surveillance and detection system concerning food safety, are fundamental to ensure that raw and RTE foods derived from seafood, poultry and meat are safe for human consumption. This study employs the serotyping and random amplified polymorphism DNA (RAPD) analysis methods to characterize the isolated L. monocytogenes strains in raw and RTE food samples from Malaysian markets.
II. MATERIALS AND METHODS

A. Detection and isolation of L. monocytogenes
The detection and isolation of L. monocytogenes strains was performed according to standard method by U. S. Food and Drug Administration Bacteriological Analytical Manual (FDA-BAM) [19] with modification. A total of 140 raw and RTE food samples were purchased from local markets around Selangor, Malaysia. The samples were made up of sausages (n=30), burgers (n=18), canned fish (n=10), minced meat (n=8), fish (n=24), chicken (n=29) and meat (n=21). Listeria enrichment broth (LEB) and selective polymyxin-acriflavinelithium-chlorideceftazidime-aesculin-mannitol (PALCAM) media were used as enrichment and growth medium respectively.
Briefly, 10 g of each food sample was homogenized for 60 s in 90 ml LEB supplemented with 0.5% acriflavin HCl, 1% nalidixic acid and 0.5% cyclohexamide, and incubated at 30°C for 12 h. Serial dilutions were made from 10 -1 to 10 -3 in triplicate and incubated at 30°C for additional 48 h. A loopful of serially diluted LEB culture was streaked onto PALCAM agar supplemented with PALCAM Listeria supplement and incubated at 30°C for 48 h. Presumptive L. monocytogenes colonies on agar were selected and purified onto tryptic soy agar (TSA), and incubated at 30°C for 24 h.
Most probable number polymerase chain reaction (MPN-PCR) method was applied to confirm L. monocytogenes isolates by using two pairs of primers as in previous studies [20, 21] . L. monocytogenes American Type Culture Collection (ATCC) 19155 was used as a control strain and designated as LMC in the study.
B. Serotyping of L. monocytogenes
Serotyping was performed using Listeria antisera (Denka Seiken, Tokyo) according to manufacturer's instruction. The determination of somatic (O) and flagellar (H) antigens was performed as cells suspension was mixed with O and H antisera respectively. The agglutination of each reaction was observed visually.
C. RAPD analysis of L. monocytogenes
The extracted genomic DNA was subjected to RAPD analysis using 10 random universal primers (60-06, 60-10, GEN1-50-04, GEN1-50-07, GEN2-60-09, GEN4-50-10, OPA10, OPA14, OPA15 and OPAR8). After having screened their performance, OPA10 (5'-GTCATCGCAG-3') and OPA14 (5'-TCGGTGCTGG-3') were selected to cluster the L. monocytogenes isolates.
A total of 25 ȝl of PCR-RAPD mixture containing 5× PCR buffer, 25 mM MgCl 2, 10 mM dNTPs mix, 5 U/μl Taq Polymerase, 1 ȝl primer, 3 ȝl DNA template and sterile distilled water were used. The thermocycling steps employed were initial denaturation (95°C for 1 min); 35 cycles of denaturation (95°C for 1 min), annealing (36°C for 1 min) and extension (72°C for 2 min); final extension (72°C for 10 min).
Amplification process of PCR-RAPD was performed in thermal cycler and the PCR products were loaded in 1% agarose gel stained with ethidium bromide, and electrophoresed at 70 V for 100 min. Gel was examined under ultra violet (UV) light using a transilluminator apparatus and photographed. The patterns including the numbers, sizes and intensities of each band was analyzed and compared visually. RAPD image obtained was analyzed by using GelCompar II software version 5.1 to generate dendrogram.
III. RESULTS AND DISCUSSIONS
Presumptive L. monocytogenes strains on PALCAM agar exhibited as gray-green sunken with black precipitate colonies. PCR assay produced the expected size of DNA bands at 938 bp of 16S rRNA and 701 bp of hlyA genes. A total of 23 L. monocytogenes strains were recovered from local food samples which 8.57% were contaminated with L. monocytogenes. The isolates were divided into four different serotypes consist of 4b (10/23, 43.5%), 1/2b (8/23, 34.8%), 4d (2/23, 8.70%), 4e (1/23, 4.35%) with two isolates (8.70%) were untypable which showed no reaction toward H antisera. OPA10 primer produced 3 to 7 DNA fragments ranging from approximately 0.15 kb to 1.1 kb. Meanwhile, OPA14 primer produced 0 to 5 DNA fragments ranging from approximately 0.2 kb to 1.1 kb. A total of eleven different banding patterns were obtained by each primer. Any difference in numbers, sizes and intensities of the bands represent one distinct RAPD type [22] .
OPA10 discriminated LMC and isolates into four major clusters of RAPD types consisting of clusters A, B, C and D (Fig. 1) . On the other hand, OPA14 discriminated five major clusters of RAPD types as clusters P, Q, R, S and T (Fig. 2) . The two generated dendograms showed similarity percentage of 4% to 100% for OPA10, 12% to 100% for OPA14 and 4% to 100% for combination of primers. At a comparative genetic similarity of more than 90%, 21 distinguished RAPD profiles were obtained. Distribution of serotypes and RAPD types in relative to their origin and source of isolates are shown in Table I . Any difference in serotypes or RAPD types were designated as a different composite profile and given numerical designations. A total of 16 composite profiles were generated by combining the results from serotypes and RAPD types. In this study, serotyping profiles showed that 91.3% of isolates were successfully serotyped and predominated with serotypes 4b and 1/2b. L. monocytogenes serotype 4b strains were associated to most of food-borne listeriosis outbreaks, whereas serotypes 1/2a and 1/2b were connected to sporadic infection of L. monocytogenes [23, 24] . The results of present study are in agreement with Thevenot et al., [25] which reported that 8.7% of L. monocytogenes isolated from meats, meat products and its processing plants were untypable. The untypable strain may exhibit differences on the antigens structural arrangement which are the target for the serotyping reagents [15] . The difficulties in intepretation of serotyping results in this study proved that the method was not sufficiently discriminatory and reproducibility.
This study proved that RAPD analysis is a discriminatory subtyping method as it could distinguish the isolates from the same serovar. However, between the two primers used in present study, OPA14 provided better discriminatory results than OPA10 although it failed to type one isolate. OPAR8 primer produced very faint bands and difficult to confirm the exact size of DNA fragments, while there was no DNA band produced from the other seven primers. Although some of the DNA bands produced by OPA10 and OPA14 were not significantly clear, they gave better and consistent results as compared to the rejected primers. Fingerprint patterns of RAPD analysis are influenced by the DNA template preparation, amplification reaction and the use of separation technique in gel electrophoresis [22, 26, 27] . On the other hand, increasing the number of primers or combination of typing methods may increase the discriminatory power of present method [22, 26, 27, 28] . According to Table I , certain genetically related strains were possible to contaminate different food samples or areas. Furthermore, different strains could contaminate the same type of food sample or the same area. These findings are in agreement with the previous studies as in Aurora et al., and Martinez et al., [16, 26] . Cross-contamination may occur within the collected food samples since the composite profiles 4, 5 and 6 were shared among certain isolates. When we checked the details of LM4, LM5 and LM6 of composite profile 4, we found that the isolates belong to the samples that were distributed by the same manufacturer. Therefore, we assume that the cross-contamination may come from the processing environments such as processing plants or along the processing lines. Thus, the application of RAPD analysis in characterization of L. monocytogenes isolated from foods may provide important information on cross-contamination potential sites.
The data on the characterization of L. monocytogenes in raw and RTE foods in the country are limited and somewhat outdated. Therefore, this study applied the combined serotyping and RAPD analysis methods by using OPA10 and OPA14 primers to characterize L. monocytogenes in various food samples derived from seafood, poultry and meat, in raw and RTE forms such as fish, chicken, meat, sausages, burgers, minced meat and canned fish.
These findings suggest that RAPD could be an applicable tool in subtyping L. monocytogenes and Listeria spp. originated from foods. It also suggests that there may have cross-contamination within the collected food samples from local markets. Hence, the microbial monitoring should be applied and continuously performed in the country in order to minimize listeriosis infection. The data may be useful for the food producers or epidemiological and public health studies of L. monocytogenes and other Listeria spp.
